MOBILITIES OF IONS
In spite of the great number of investigations devoted to gases the question whether an ion is a molecule or an atom carrying an elementary charge, or whether it is a number of neutral molecules clustering about a charge is not as yet definitely settled. Both the 'cluster' hypothesis, according to which an ion is conceived of as a unit elementary charge surrounded by a satellite of neutral molecules, and the 'small-ion' hypothesis, according to which an ion is conceived of as a single molecule carrying an elementary charge, explain equally well the phenomenon which first necessitated the former, and also the older, hypothesis; this phenomenon being the fact that the mobilities and the diffusion coefficients of the ions in gases are relatively small in comparison with those of the uncharged molecules in the same gases. They also explain equally well a certain number of other phenomena, but experiments designed to test directly the validity of one or the other of these hypotheses led to contradictory results.
The measurement of the mobilities of ions under various pressures and different electric field-strengths has always been generally conceded as the mode of attack in the solution of the problem. For It may be seen from the above table that the mean values of R, the ratio of the negative to the positive mobilities, are different for the two frequencies employed, and it appears as though the mobtities did vary-since the ratio could not vary unless either or both of the mobilities did. But the following considerations will show that this difference is ascribable to experimental variations. In the first place, the results of different experimenters, and even those of the same experimenter, show a maximum variation of almost 30%, for instance, from R = 1.16 to 1.37 (Wellisch) , or from R = 1.15 to 1.93 (Loeb) . Both of these authors attribute the variations to external variations of their experiments. Thus a slight external variation of some kind is liable to cause such a variation in the ratio without the mobilities themselves being varied at all. Furthermore, if the mobilities tend at all to vary with field-strength, their variations would be much greater than are manifested since the field-strength is 168 volt/cm. in one case and 14,160 volt/cm. Besides the normal positive and negative ions the existence of free negative electrons in hydrogen was proved. These electrons existed in abundance when the gas was freshly prepared and disappeared entirely after the gas had remained in the ionization chamber for about six or eight hours. The disappearance of the electrons might conceivably be the result either of their fast dissipation into the walls of the chamber or of their ready formation of negative ions with the neutral molecules of either hydrogen or the impurities from the sealing wax that had evaporated into the chamber in the meantime. Table 4 shows the results of the mobility measurements in nitrogen. The maximum potential gradient employed was 17,670 volt/cm. for the positive and 14,880 volt/cm. for the negative ions. The mobilities remained absolutely normal up to these limits and the law Up =constant was found to be applicable here as it was in the case of air and hydrogen.
Here too an abundance of free negative electrons was found, although the amount was not so great as that found in hydrogen under the same pressure.
Conclusion arld Discussion.-As the results of the present experiment exhibit no deviation from the law Up = constant it follows that both the positive and the negative ions did not disintegrate at the potentials employed. It may be seen from the tables that the values of X/p were very close to the values at which sparking would occur in the respective gases. And since the cluster hypothesis demands the disintegration of the ions when the values of X/p are much lower than those employed,15 it therefore follows that these results are directly contradictory to this hypothesis.
On the other hand, the results are in perfect accord with the small-ion hypothesis. Taking But the above explanation would not be applicable to the case where the ratio of the negative'to the positive mobility is less than unity, for that would mean that the attractive force between the negative and the uncharged molecule is greater than that between the positive ion and the uncharged molecule, which would be impossible according to the theory upon which the explanation is based. Fortunately, in such cases the differences between the positive and the negative mobilities are so small that they are well within the limits of experimental fluctuations; consequently, until it is conclusively established that there are cases where the positive mobilities are greater than the negative by a quantity much too great to be accounted for by experimental conditions, the above explanation seems to be the most reasonable one so far advanced.
The detailed paper has been communicated to the Physical Review.
